~/ From 1969 to 1979, 20 patients with syringomyelia were treated with a syringosubarachnoid shunt. The principal indications for this procedure were: significant progressive neurological deterioration and absent or minimal tonsillar ectopia. There were 15 patients with idiopathic syringomyelia, four with posttraumatic syringomyelia, and one with syringomyelia secondary to spinal arachnoiditis. The operations were performed with an operating microscope, and attention was directed to preserving the arachnoid membrane to ensure proper placement of the distal end of the shunt in an intact subarachnoid space. In all cases, a silicone rubber ventricular catheter was inserted into the syrinx through a posterior midline myelotomy.
T
HERE is still considerable controversy about the indications for surgery and the methods of surgical treatment in syringomyelia. 4,1~ Although the etiology and natural history of this disease are quite variable, ~~ surgical treatment has usually been recommended for patients with rapidly deteriorating neurological function. Gardner 4 has strongly advocated the hydrodynamic theory for the pathogenesis of syringomyelia, and decompression of the hindbrain with closure of the obex has been the surgical treatment of choice in many centers. As a result, fewer direct drainage procedures on syrinxes have been performed. The development of microsurgical techniques and the introduction of improved shunt materials allow direct drainage procedures to be effectively performed without causing arachnoiditis and obliteration of the subarachnoid space.
This paper reviews the results of syringosubarachnoid shunting for the treatment of syringomyelia in 20 patients treated during a 10-year period.
Clinical Material and Methods

Patient Population
From 1969 to 1979 at Sunnybrook Medical Centre, University of Toronto, 38 patients with syringomyelia were diagnosed and 20 were treated with a syringosubarachnoid shunt. The principal indications for the shunt operation were: significant and continuing neurological deterioration and absent or mild tonsillar ectopia as determined by myelography. There were 15 males and five females whose ages ranged from 25 to 73 years (mean 44 years). As shown in Table 1, 15 patients had idiopathic syringomyelia, four had posttraumatic syringomyelia after complete spinal cord injuries, and one had syringomyelia secondary to spinal arachnoiditis. Four of the 15 patients with idiopathic syringomyelia had mild tonsillar herniation on myelogl.aphy, and in the others the tonsils were in the normal position. One patient with idiopathic syringomyelia also had a spinal arachnoid cyst. 
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Symptoms and Signs Table 2 shows the main symptoms and signs. Pain was a prominent symptom (55%), and severe motor weakness, usually in both the upper and lower limbs, was present in 55%. A dissociated type of sensory loss was demonstrable in 60% and spasticity in 65% of the patients. Four patients had symptoms for less than 6 months prior to surgery, while the remainder had symptoms for more than 6 months preoperatively. All 20 patients who underwent syringosubarachnoid shunting were showing significant progressive neurological deterioration preoperatively.
Myelographic Findings
All 20 patients had Pantopaque myelograms, nine had air myelograms, and one had a combined metrizamide myelogram and computerized tomography (CT) scan. The myelographic fmdings are summarized in Table 3 . Twelve patients (60%) were found to have a widened cord. The "collapsing cord sign" was seen in seven of the nine patients (78%) who were investigated with air myelography. All three patients with lower cranial nerve abnormalities showed low tonsils.
Overall Operative Management
Thirteen of the 20 patients required only the syringosubarachnoid shunt. Four patients had both a shunt and a posterior fossa decompression procedure. One patient had shunt placement and a terminal ventriculostomy. One patient with posttraumatic syringomyelia had a cordectomy and a shunt, and then a higher level shunt. One patient had a shunt after a spinal arachnoid cyst was removed. The sequence of the operations in patients who required multiple procedures is discussed in detail below.
Procedure for Syringosubarachnoid Shunting
In most of the idiopathic cases, a single-level laminectomy at C-5 or C-6, with the patient prone and the neck slightly flexed, provided sufficient exposure for insertion of the syringosubarachnoid shunt. After exposure of the dura, the operating microscope was used to facilitate free dissection. Attention was directed to preserving the arachnoid membrane to ensure proper placement of the distal end of the shunt in an intact subarachnoid space. In most instances, a midline myelotomy approximately 5 mm in length was performed in a relatively avascular area (Fig. 1) . Microsurgical dissection during the myelotomy minimized damage to the spinal cord. Bleeding from extradural and pial vessels was rigorously controlled to prevent blood from reaching the subarachnoid space and causing meningeal irritation and postoperative arachnoiditis. In all cases, a silicone rubber ventricular catheter of the Pudenz type was used and inserted approximately 2 to 3 cm into the syringomyelic cavity ( Fig. 1 upper  right was then immobilized with a suture to the pia or arachnoid at the myelotomy site. A 3-0 or 4-0 silk suture was usually tied snugly around the shunt prior to placement, to act as a marker and for subsequent immobilization of the shunt. Pulsation of fluid in the catheter was a common observation. The distal end of the catheter was then inserted 2 to 3 cm into the subarachnoid space in the opposite direction, usually caudad, and the arachnoid was closed with sutures ( Fig. 1 lower) . The dura was then closed in all cases.
In some cases, the arachnoid and dura were dosed in a single layer.
Operative Results
The average postoperative follow-up period was 5 years. Table 4 shows the overall clinical results, graded as "excellent," "good," or "poor." An excellent or good result was obtained in 15 of 20 patients (75%). An excellent result, defined as an improvement of neurological deficit, occurred in 11 patients. A good result, defined as a cessation of progression of the neurological deficit, occurred in four patients, and a poor result, defined as further deterioration of neurological function, occurred in five patients. These criteria for judging the results are similar to those used by Love and Olafson. 9 The duration of preoperative symptoms ranged from 5 weeks to 15 years (mean 5 years). A short duration of preoperative symptoms was a good prognostic sign because all four patients with a history of less than 6 months had excellent results (Table 5 ). In general, no single symptom or sign or group of symptoms and signs (Table 2 ) was of value for predicting the results of surgery. Table 6 relates the type and sequence of surgical procedures to the results. Thirteen patients had a syringosubarachnoid shunt only, and all had a good or an excellent result. Four patients were treated with posterior fossa exploration and decompression (Gardner's procedure) in addition to syringosubarachnoid shunting. In two of them, an initial posterior fossa procedure failed to arrest neurological deterioration, and the subsequently placed syringosubarachnoid shunt also failed. The third patient had syringosubarachnoid shunting as an initial procedure, and, because of further deterioration, a posterior fossa decompres- 
sion and revision of the syringosubarachnoid shunt were performed at a second operation. This patient showed temporary improvement for 18 months and then deteriorated again. The fourth patient had a posterior fossa procedure and a syringosubarachnoid shunt placed at the same time, and had an excellent result. One patient had a thoracic arachnoid cyst removed and then a shunt was inserted several months later, with a poor result. A shunt revision was recommended but was declined. One of the patients with posttraumatic syringomyelia was initially treated with cordectomy and shunt insertion at the injury site. Further deterioration ensued, after which a second shunt was inserted at a higher level with an excellent result. The result was poor in the patient with arachnoiditis who had a terminal ventriculostomy after an initial shunt. Table 7 shows the results in relation to the type of syringomyelia. Excellent or good results were obtained in two of the four patients with idiopathic syringomyelia and the Chiari malformation, and in nine Of the 11 patients with idiopathic syringomyelia who did not have the Chiari malformation. All patients with posttraumatic syringomyelia had excellent results.
No operative mortality was encountered in these 20 patients. Mild temporary neurological deterioration was seen postoperatively in four patients. However, within a few days, all four patients improved to their preoperative state. One patient with a poor result, who had both syringosubarachnoid shunting and a posterior fossa decompression, developed subluxation at C5-6 a few years later and required an anterior cervical fusion.
The relationship between the operative results and the myelographic findings is shown in Table 8 . Ten of the 12 patients with a widened cord had good or excellent results, while only three of the six patients with a normal-sized cord had favorable results. Five of the seven patients with the "collapsing cord sign" had excellent or good results.
Discussion
There have been several reports of the results of various surgical procedures for the treatment of syringomyelia. With respect to syringosubarachnoid shunts, Faulhauer and Loew 3 reported neurological improvement in only two of 10 patients (20%), while Love and Olafson 9 found improvement in 10 of 35 patients (28%), and Wetzel and Davis 14 found improvement in seven of 24 cases (29%). Pitts and Groff 11 reported improvement or no change in 17 of 28 patients (60%). In our series, 11 of 20 patients (55%) showed neurological improvement (Table 4) which was better than the previous studies. With respect to posterior fossa decompression, other investigators have reported favorable results in about 70% of cases. 4'6'12 However, comparisons are difficult because of the differences in surgical techniques, indications for operation, and criteria for the evaluation of results, including length of follow-up period. Nevertheless, the favorable results in 75% of our cases (excellent 55%, good 20%) compare well with these other techniques.
A major advantage of the syringosubarachnoid shunt as performed at this institution was its freedom from mortality and very low morbidity. In contrast, the mortality associated with posterior fossa proce-dures for syringomyelia has been considerable, as high as 3.6% to 15% in reported series? ,6,a Another advantage of a spinal approach to a syrinx is the opportunity it affords to explore the enlarged spinal cord in cases in which an intramedullary tumor cannot be excluded, for it is well known that syrinxes are frequently associated with intramedullary tumors. 1 A high protein content in the aspirate from the syrinx is usually indicative of a spinal cord neoplasm? The protein content of some of the syrinxes in the present cases of idiopathic syringomyelia was much higher than normal.
Previous attempts to employ syringosubarachnoid shunts were hampered because the materials and methods used often resulted in arachnoiditis and shunt malfunction. Pitts and Groff 11 used a Gutta Percha drain and Love and Olafson 9 used various materials including "rubber drains, polyethylene tubhag, cotton wicks, silk sutures, and tantalum-wire sutures" to maintain a syringosubarachnoid connection. Although they are easy to manipulate, rubber and polyethylene should not be used because they can produce severe arachnoiditis which could cause shunt malfunction and possibly neurological deterioration. For example, the polyethylene lumboperitoneal shunts used for communicating hydrocephalus have produced arachnoiditis with neurological deficits in 25% of patients. 7 We believe that the high incidence of favorable results in the present series is due largely to the use of microsurgical techniques and Silastic shunt materials. The operating microscope facilitated preservation of the arachnoid membrane. After the dura was opened, the arachnoid was carefully separated from the dura by an elevator before cerebrospinal fluid (CSF) was allowed to escape. The arachnoid was then opened with scissors in the midline without tearing it. Arachnoidal septae anchoring the arachnoid to vessels and to the pia were usually encountered, especially near the midline, and these were divided. The myelotomy was made approximately twice as long as the Silastic Pudenz ventricular catheter so that, in the event of catheter blockage, fluid from the syrinx might still drain around the catheter and into the subarachnoid space. The Pudenz ventricular catheter, made of nonreactive Silastic, is ideally suited for insertion through the myelotomy site and into the syrinx. The tapered end can gently dissect its way into the syrinx. The tubing is sufficiently tensile for dissection around intramedullary septae, which were encountered in some of the multiloculated syrinxes, yet sufficiently supple to prevent excessive force on cord tissue or intrameduUary vessels. Insertion of the shunt 2 to 3 cm into the cord allowed all the drainage holes in the catheter to lie within the syrinx and helped to prevent dislodgement. However, the principal factor preventing dislodgment was the suture securing the catheter to the pia or arachnoid. This was generally a braided silk suture, which was positioned by initially placing a tie around the catheter, firmly gripping it at a point 2 to 3 cm from its tip; the suture also served as a marker for the length of catheter to be inserted into the cord. Preservation of the arachnoid allowed deliberate insertion of the distal end of the catheter into the subarachnoid space. Subdural placement would surely prevent flow through the shunt. In many cases, arachnoidal septae were divided in the direction of distal catheter placement in order to allow free subarachnoid passage of the catheter. Finally, closure of the arachnoid over the myelotomy and shunt with fine sutures was important both for maintaining the integrity of the subarachnoid space at this site and for prevention of subsequent arachnoiditis.
The optimum site for the proximal end of a syringosubarachnoid shunt has not been settled, although, theoretically, it should be at the lowest pole of the syrinx. We chose to place the intramedullary catheter in the largest part of the syrinx in patients who showed widening of the cord on myelography. In cases without myelographic widening, the lower cervical area was chosen on the basis of clinical signs which indicated that this was the most severely involved level. It was believed that this site afforded better decompression of the syrinx even if the lesion was multiloculated.
The use of a syringosubarachnoid shunt in cases of syringomyelia associated with tonsillar ectopia is more debatable than in those without tonsillar ectopia. In our series, only one of the four patients with tonsillar ectopia was treated with a syringosubarachnoid shunt alone, and this patient had a good result. The second patient with tonsillar ectopia had a posterior fossa procedure and a syringosubarachnoid shunt placed at the same operation, and had an excellent result. The other two patients had poor results in spite of multiple operations, including syringosubarachnoid shunting, a posterior fossa decompression, and other procedures. In our series, there is insufficient evidence to suggest that syringosubarachnoid shunting should be the treatment of choice for this condition. However, it should be emphasized that those who did not respond to the syringosubarachnoid shunt also had poor results from posterior fossa decompression.
Williams 1~ was concerned that a communication, such as a syringosubarachnoid shunt, might allow flow of fluid from the subarachnoid space to the syrinx. We agree that with herniated tonsils an increase in intraspinal pressure might force CSF through the syringosubarachnoid shunt back into the syrinx. However, in our four cases the tonsillar ectopia was mild and the foramen magnum was not sufficiently occluded to produce a "cranio-spinal pressure dissociation," which Williams considered to be a major mechanism of syrinx enlargement. Williams' theory could be applied only to those patients with a highly compromised foramen magnum due to a severe hindbrain deformity and herniation. In our opinion, these cases are probably best treated by a posterior fossa exploration with decompression of the foramen magnum and plugging of the obex.
In canine kaolin-induced syringomyelia, Hall, et al.) showed that pressure in the spinal subarachnoid space remained low, even when the intraventricular and intrasyringeal pressures were raised. In addition, Ellertsson and Greitz 2 reported that intramedullary spinal pressure exceeded the subarachnoid pressure in the patients who underwent percutaneous syrinx puncture. In the presence of such a pressure gradient it is likely that drainage of the syrinx through the syringosubarachnoid shunt would be maintained provided that the shunt remained patent. Williams TM classified syringomyelia into two groups --communicating and noncommunicating--and recommended different types of treatment for each. However, determining whether syringomyelia is communicating or noncommunicating might be less important than assessing the degree of tonsillar herniation, because some cases of communicating syringomyelia associated with the Chiari malformation can be treated with syringosubarachnoid shunts if the tonsillar ectopia is mild. All of the patients with posttraumatic syringomyelia had an excellent result from the syringosubarachnoid shunt. Barnett, et aL, 1 suggested that patients with a complete spinal cord injury can be treated by cordectomy or cord transection and insertion of a shunt at the level of the injury. However, in one of our cases a poor result was achieved following this procedure, and this was thought to be due to worsening of the adhesive arachnoiditis in the area of the previous cord injury. Improvement in this case occurred after shunting at a higher level. In the other three cases, the shunt was inserted proximal to the injury site and cordectomy was omitted. In all the patients in this series, damage to the spinal cord from myelotomy and shunt insertion was negligible. In a recent report by Shannon, et al., 13 a syringosubarachnoid shunt with a Pudenz catheter was used in six patients with posttraumatic syringomyelia. The results were satisfactory in most cases, although the follow-up period was only 12 months or less in four of the cases. This report and the present study strongly suggest that a syringosubarachnoid shunt without cordectomy or cord transection is an effective treatment for symptomatic posttraumatic syringomyelia.
Treatment of syringomyelia secondary to spinal adhesive arachnoiditis is very difficult because progression of the arachnoiditis usually overwhelms the treatment of the syringomyelic process. In our single case with this condition, the initial lower cervical syringosubarachnoid shunt provided marked improvement in upper limb function. Unfortunately, there was progression of the neurological deficit in the lower limbs, and the result was labeled as poor. Loculation of the syringomyelic cavity in the thoracic and lumbar spinal cord was suspected, and terminal ventriculostomy was undertaken. In spite of the successful drainage from the ilium, there was continuing deterioration in lower limb function, although the upper limbs maintained their improvement. It was concluded that adhesive arachnoiditis was responsible for C. H. Tator, K. Meguro and D. W. Rowed the neurological deterioration. The other difficulty in treating this type of syringomyelia is that the syringosubarachnoid shunt may not function effectively in the presence of adhesions in the subarachnoid space.
Conclusions
The syringosubarachnoid shunt is an effective modality of treatment for a variety of syringomyelic processes if the procedure is performed properly and establishes free communication between the syrinx and an intact subarachnoid space. The highest incidence of favorable results was in cases of idiopathic syringomyelia without tonsillar herniation, and in posttraumatic syringomyelia. The indications for the syringosubarachnoid shunt should be determined on the basis of a careful assessment of the clinical and neuroradiological findings. Computerized tomography of the spinal cord and spinal subarachnoid space with or without metrizamide may assist in defining the indications for this treatment and in assessing shunt function.
